Abstract
The national statistical bureaus currently in charge of providing observations for reporting on SDGs, 48 could be well placed to address this bias, by integrating ecological observations with socio-economic 49 statistics into socio-ecological indicators for ecosystem services flows. IPBES can potentially address the 50 gaps identified in this paper by improving coverage of the different dimensions of ecosystem services 51 flows. 52 53 Keywords: Aichi Targets, human well-being, indicators, monitoring, reporting, Sustainable Development 54 Goals. 55 56
Introduction

65
Multiple international policy objectives aim to ensure human well-being and the sustainability of the 66 planet, whether via sustainable development of society or via biodiversity conservation, e.g. the 67
Sustainable Development Goals (SDGs) and the Conventional of Biological Diversity (CBD) Aichi Targets. 68
To evaluate progress made towards these objectives and to obtain information on the efficiency of 69 implemented measures, effective monitoring schemes and trend assessments are required (Hicks et al. 70 2016) . Whereas the CBD has been reporting on progress towards objectives in Global Outlooks since  71  2001 1 , a first list of indicators has recently been launched. 72
There is broad consensus that pathways to sustainability require a secure supply of those ecosystem 73 services that contribute to human well-being ( Fig. 1 ; Griggs et al., 2013; Wu, 2013) . The ecosystem 74 service concept is an important integrated framework in sustainability science (Liu et al., 2015) , even if 75 the term ecosystem services is not often explicitly mentioned in policy objectives. Nevertheless, a 76 number of specific ecosystem services are mentioned in documents relating to the different objectives 77 stated in the SDGs and Aichi Targets. Trends in biodiversity, ecosystem services and their impact on human well-being as well as sustainability 87 must be studied using an integrated approach (Bennett et al., 2015; Liu et al., 2015) . The SDG ambitions 88 could potentially offer key elements for this integration. Most assessments use a pragmatic approach to 89 select indicators for ecosystem services, often only focusing on those indicators and ecosystem services, 90 for which data are readily available. Although this helps to advance the knowledge on ecosystem 91 services on many aspects, it may not cover the knowledge required to monitor progress towards 92 sustainability (Hicks et al., 2016 respectively. The ecosystem services indicators used in these national, regional and global assessments 106 could also provide relevant information for monitoring the progress towards these global sustainability 107 objectives. 108
The main goal of the present study is to explore to what extent the ecosystem services concept has been 109 incorporated in global sustainability policies, particularly the SDGs and the Aichi Targets. For this  110 objective, we i) assessed the information on ecosystem services currently recommended to monitor the 111 progress on both policy documents and ii) identified which information on ecosystem services can 112 already be provided on the basis of the indicators reported in national ecosystem assessments. Based on 113 these two outputs, we iii) identified knowledge gaps regarding ecosystem services for monitoring the 114 progress on global policy objectives for sustainability. 115 116
Material and methods
117
Numerous frameworks exist to describe ecosystem services (e.g., Kandziora et Subsidies for bio-energy; endorsement of guidelines for best practices for soil management; publicity for outdoor recreation.
Number of people interested in green energy; number of farmers aware of soil erosion; average distance of inhabitants to green areas. 8
Identification of ecosystem services in the SDGs and Aichi Targets 163
Two international policy documents were selected for review: the SDGs (United Nations, 2015a) and the 164 CBD Aichi Targets (CBD, 2013). Both documents have global coverage and contain objectives on 165 sustainable development, related to maintaining or improving human well-being and nature. The 166 classification of ecosystem services used in this paper is based on Kandziora et al. (2013) , which matched 167 best with the terminology of policy documents and the national assessments. 168
For each policy document, we determined the absolute and relative frequency at which an ecosystem 169 service was mentioned. This frequency was also used to produce a relative ranking of ecosystem 170 services, within and across these policy documents. Although the SDGs and the Aichi Targets include 171 several statements on specific ecosystem services (e.g. food production, protection from risks), the term 172 "ecosystem services" is not often mentioned. In the SDGs, for instance, ecosystem services explicitly 173 occur only once (Goal 15.1). In contrast, "sustainable development or management" and "sustainable 174 use of natural resources" are mentioned several times, although not further specified. While the latter 175 could be interpreted to mean that the use of nature for provisioning purposes should not negatively 176 affect regulating services, we preferred to remain cautious and not make this assumption, when 177 reviewing the policy documents. We are therefore certain that we underestimate the importance of 178 knowledge on ecosystem services regarding the different policy objectives. 179 180
Proposed ecosystem services indicators for the SDGs and Aichi Targets 181
In addition to the ecosystem services directly mentioned in the policy objectives, we also reviewed the 182 type of information on ecosystem services proposed to monitor the progress towards the policy 183 objectives. To this end, we used the 2015 UN report (United Nations, 2015b) for the SDGs. To estimate the type of ecosystem services indicators that might be available at national level, we 196 selected national ecosystem assessment reports, which were openly available and written in one of the 197 seven languages mastered by the co-authors (i.e. English, Spanish, Portuguese, Hebrew, French, German 198 and Dutch). Nine assessments fulfilled these criteria (see Tab. 2). We complemented them with the 199 European report (Maes et al., 2015) , which is considered to be a baseline reference for upcoming 200 national assessments in European member states. The selection criteria resulted in the inclusions of 201 9 national assessments from three continents, but there is a bias towards European and developed 202 countries. 203 represented by indicators in the 15-24 range (Fig. 3A) . This bias towards supply variables is remarkable 252 for the Aichi Targets (Fig. 3A) . Another observed pattern is that the variables Demand and Interest are 253 more often represented by proposed indicators for the SDGs than for the Aichi Targets (i.e. demand 11 254 versus 5 and interest 13 versus 4, respectively). The results therefore provide support for the claim that 255 the SDGs aim to be an integrative policy framework (Le Blanc, 2015) , at least in the sense that the 256
proposed indicators for SDGs demonstrate a more balanced inclusion of ecological and socio-economic 257 information. 258
A comparison of the number of ecosystem services that are relevant for the SDGs with the total number 259 of indicators proposed for monitoring, however, reveals that balanced information from the indicators is 260 unlikely to concern all ecosystem services (Figure 3) . The proposed indicators never cover all five 261 variables for a single SDG target except for one SDGs target (i.e. SDG 15: "Protect, restore and promote 262 sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt 263 and reverse land degradation and halt biodiversity loss"). Among the Aichi Targets, none of the Strategic 264
Goals was covered by indicators representing all five variables. 265
The frequencies at which ecosystem services are presented for the policy reports are surprisingly low 266 ( Figure 3B (Fig. 3A) . Despite the identified value of information on ecosystem services as presented in section 3.1, it seems 296 that entire ecosystem service flows (from Potential supply to Interest) are poorly captured by the 297 proposed and (potentially) used indicators. The information recommended for Aichi Targets shows a 298 strong bias on the supply side of ecosystem services flow (i.e. Potential supply and Supply), whereas this 299 seems more balanced for SDGs. However, the overall information demanded is very low, given the 300 number of services that are relevant for the policies (Fig. 3) 
Ecosystem service information in national assessments 312
The national ecosystem assessments analysis demonstrates the availability of a significant amount of 313 information on ecosystem services flows at national level (Appendix A, Tab. A.4). It has to be noted that 314 as the analysed national ecosystem assessments under represent developing countries and non-315
European countries, the available information at a global level might be significantly lower. However, 316 some national reports may not have been detected or included in our review, for instance because we 317 did not find them on the internet or because they were not written in any of the languages mastered by 318 the authors. 319
The available knowledge in the selected ecosystem assessments on ecosystem services flows shows, 320 however, a considerable bias towards Supply information on provisioning services and Potential supply 321 information for regulating services. (Fig. 4) . For regulating services, 351 most information seems available on the Potential supply side of the ecosystem services flow (Fig. 4) . 
Recommendations for improvement towards the future 366
The biased information on ecosystem service flows hampers an evaluation of progress on sustainable 367 development. If policy reports are not able to identify whether trends in supply, consumption and 368 demand of ecosystem services align, it will be difficult to identify if no one is left behind (Geijzendorffer 369 et al., 2015) . Apart from the results of the structured analysis, three other issues emerged from the 370 review, which we want to mention here to raise awareness and stimulate inclusion of these issues in 371 further scientific studies. 372 are at a much earlier stage of development than the Aichi Targets, data will be provided at national level 399 by national statistical bureaus (ICSU, ISSC, 2015), which may better suit national decision makers 400 deciding on implementation of interventions. The current approach of reporting on SDGs progress at 401 national level may also allow easier integration of information on ecosystem services available from 402 national assessments. Although the number of available national ecosystem assessments is still rising, 403 developing countries are currently underrepresented. Developing national assessments in these 404 countries is therefore an important for the credible reporting on Aichi targets and SDGs. 405
Third, national ecosystem assessments would ideally provide information at the spatio-temporal scale 406 and unit most relevant for the ecosystem services at hand (Costanza, 2008 The review of the national assessment reports showed no indicators explicitly linked to the Natural heritage and natural diversity service (Table S3 ). We might consider that some aspects of this service may be captured by other cultural services, such as the appreciation by tourists or knowledge systems.
However, the interpretation of this specific service is generally considered to be very difficult. Many consider that the intrinsic value of biodiversity, although very important, cannot be considered an ecosystem service as the direct benefit for human well-being is not evident, but rather as an ecological characteristic (Balvanera et al., 2006; Kandziora et al., 2013) . To include to the Natural heritage and natural diversity service in our review, we considered that only information on biodiversity aspects for which human appreciation was explicitly used as criteria, should be included in this particular ecosystem service. This means that general patterns in species abundance (e.g. Living Planet Index), habitat extent or the presence of red list of species, were considered as important variables for biodiversity, only if they supported specific ecological functions (e.g. mangrove extent for life cycle maintenance by providing nurseries for fish), but not as an indicator for the supply of the natural heritage service in general. (Kandziora et al., 2013) , but based on the indicators found in the selected ecosystem services assessments, we made small adjustments: 1) for livestock the definition remained the same, but we changed the name for clarity in the table; 2) noise reduction, soil quality regulation and lifecycle maintenance were absent from Kandziora et al., (Kandziora et al., 2013 ) and were added; 3) we split natural hazard regulation in two: flood risk regulation and coastal protection; and 4) we separated recreation and tourism. 
